A computer program has been developed to calculate parameters associated with cerebral blood flow as studied by scintiangiography. Slopes, integrals, arrival times, maximum counting rates and other quantities are calculated from time activity curves corresponding to designated regions of interest: carotid arteries, middle and anterior cerebral arteries and the peripheral portions of the cerebral hemispheres. Analysis of 210 normal-studies revealed good correlation (coefficient of .70) for both the arterial transit time and the normalized uptake slope (a;lope/Cm) with patient age. normal ranges of time differences and ratios between contralateral regions of interest were calculated. A comparison made with a group of 50 CVA patients showed that 94% of them had at least one parameter where the left/right ratio and/or time difference were beyond 2 standard deviations of the normal mean.
Introduction
Brain scintigraphy is one of the most common procedures used in Nuclear Medicine. scintiphotography is capable of recording the passage of the radioactive bolus as it passes through the major vascular structures of the brain, providing a vivid image of cerebral perfusion. Interpretation of this, the cerebral blood flow study, i,s usually done on the basis of the visual inspectlon, More recently, computers have been used in attempts to improve the diagnostic usefulness of the dynamic flow studies (References 1 to 6). These evaluations have been hindered by lack of sufficient numbers of patients to allow for meaningful statistical analyses of the data especially as they relate to the age of the patient. Also, for the most part the investigators focused on leftlright ratios of a few, selected parameters. The variation in normal contralateral structures varied 20-30%. Thus, the separation of normal from abnormal blood flow was at best difficult and frequently not very successful. We are presenting in this paper a parameterization of the cerebral blaod flow using an extension of Wagner's technique (References 1 and 2). We have also studied the correlation of some of these parameters with age. 
Method
The patients were scanned under a Searle PHO/Gamma HP 111 or a Searle PHO/Gamma IV camera to which a 17000 hole high-sensitivity collimator was attached. The anterior view was routinely obtained (except for children under 15 years of age where the posterior view was the projection of choice). anterior view allows the visualization of the internal carotid arteries, middle cerebral arteries and anterior cerebral arteries. A bolus of 20-25 mCi of 99mTc-sodium pertechnetate (300 mCi/kg. in children less than 15) was injected intravenously. Depending upon the time of day, the volume varied between 0.5-1.0 cc. A modification of the Oldendorf technique was used: A rubber tourniquet with a Velcro fastener is placed above the injection site, when the entire dose is injected via a 20-25 gauge needle, the fastener is popped. The camera and the computer are started simultaneously with the release of the fastener. The computer is set for 60 frames at a rate of 1 frame per second in a 64x64 matrix format. This study includes 210 normal patients and 50 patients with a clinical diagnosis of a cerebrovascular accident (CVA), most likely the result of a thrombosis. Table I is an example of computer printout for each patient.
Analysis of Normal Patients
The 210 normal patients were classified as such by the physician based on the visual inspection of the dynamic and static images. The age distribution of these patients is shown in Table 11 . Studies of cerebral infarctions show a clear correlation of their incidence ( 7 ) with the degree of atherosclerosis of the cerebral arteries and with the age of the population.
Here, an attempt is made to establish age related norms for cerebral blood flow so that superimposed disease processes can be distinguished from these norms. Figures 3 , 4 and 5 show the SLOPE S, CMAX and INTA as a function of age. There is a wide dispersion of points without clear evidence of correlation with age for any of these parameters. There is, however, a clear separation of the data obtained with the HP I11 camera and that obtained with the PHO/Gamma IV camera due to the difference in sensitivity between the two cameras.
Having failed to demonstrate a correlation with age of S, CMAX or INTA, a new variable is introduced; SN, representing the ratio S/CMAX normalized to eliminate small decimal values. SN = 1000 (S/CMAX) Figure 6 shows the distribution of SN. Here, a clear correlation with age (correlation coefficient equal to .70) is observed. The data from the cameras are presented. SN is seen to decrease by a factor of almost three as the patients advance in age from 1 to 9 0 years. Finding a correlation of SN with age suggested the likelihood of also finding a correlation of the transit time (T) with age by virtue of the following relationship:
Evidence that this relationship indeed exists can be found in Figure 7 . Here, the average value of T is seen to increase from 3 seconds to 9 seconds as the patient's age increases from 1 to 90 years.
Having established a relationship for SN and T with age, an attempt was made to define the normal range of SN (SN f 2 standard deviations) for the adult population. To accomplish this task, the normal patients were divided in three groups:
The above integral divided by the time
The integral under what is primarily the The above integral divided by the time
The "height" of the plateau found by aver- Figure 8 ) . The standerd deviation was found to be the same, within error, for all three groups 2 G = 80. The regression line and the lines corresponding to 226 are plotted in Figure 6 . Next, the normal ranges for leftlright ratios were investigated. Figure 9 displays the leftlright ratios for the Slope, CMAX, INTA and INTA/T for the middle cerebral artery distribution. The 2tvariation and found to vary from 18% for CMAX to 26% for INTA values.. In Figure 9 , the difference in the bolus arrival time and in the time to reach the maximum count rate, TMAX, are also shown for the contralateral structures. The arrival of the bolus is practically the same as TARR = 0 sec. in 80% of the cases and lPtldl sec. in 98% of the normal patients. The time difference in reaching the maximum count rate shows a somewhat greater variation, but here too synchronization between left and right is still good: Latl61 in 90% of the cases.
for each variable was calculated
Analysis of Patients With Cerebrovascular Accidents
Fifty patients with cerebrovascular accidents (CVA) were analyzed and their results compared to the previous sample of normals. The distribution ofBTMAX and of the leftlright ratios is shown in Figure 11 In 70% of the CVA patients,ATMAX was outside the normal range with a delay of 2 seconds or more on the affected side. The ratio of the slopes and integrals showed 50% of the CVA cases to be outside the range found in normal patients. The ratio of CMAX was found to be the least sensitive parameter as only 38% of the stroke patients were outside the 2Ginterval for normal patients. Comparisons of the different parameters are found in Table 111 . A positive sign(+) means that the corresponding parameter had an asymmetry outside the 2 G range established for the group of normals.
A negative sign(-) implies that the asymmetry was within the normal limits. Inspection of the table reveals some very interesting findings: a) 47 of the CVA patients (94%) were found to have significant variation in at least one of the parameter studies, i.e. an asymmetry of 2Goutside the normal variation. b) The most sensitive parameter in helping to distinguish normal from the abnormal patients is TMAX (70%), followed by S and INTA/T (50% each). c) 75% of the CVA patients were found to have 2 or more parameters that differed significantly from normal. d) Only 34% of the CVA patients had 3 or more abnormal parameters. Finally, data obtained from the CVA patients were evaluated in terms of SN, the normalized slope. In Figure 11 , the SN values for the CVA cases are plotted as a function of age. The CVA patients were divided in two groups based on age, one group from 55 to 7 0 years of age and the second for those 7 1 years and older. These groups were compared with control patients of the same age. The mean value of SN and standard deviation were calculated for each zrouu with the following. results: Clinically, CVA are more common in patients over 71 years of age than in younger age groups.
glance at the above table will indicate that SN values for CVA patients over 7 1 do not serve to distinguish these patients from control patients of comparable age or even from patients age 55-70 that have sustained a CVA. Of interest is the fact the younger CVA patients, those under 70, can be distinguished from the control group,at the one standard deviation leve1,suggesting that acceleration of the aging process insofar as cerebral circulation is concerned can be identified. Hopefully, further study and refinement of the type of data analyses undertaken in this investigation will lead to the ability of identifying impending CVA patients so that measures can be taken that possibly may avert the catastrophy. 
AGE( Y EARS)
F I G U Y E 9 F I G U R E 11
